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1. E, 'baa_
A$s18.tant n.$8$&rcb 1~1n;·~.J:i
t$h1ghtTnlv6ll'$lty' ( ,
tiO'\u:lmbel' 2i., 1940
----~~-- --------
.
~!ll$,repo~t&~€lrl~e. thev8sul,ta bf' le.t,tn·S:l l_~
t$sta on the 1t1ridse glNEIl;t>S of; a tID'""'tonnvGtttG'. t:1$h-be111
typesteeltn111 el'8ne of 120ft,it, f.lpan. The slrde,x-s W$r& sur,
ported, on tOl;lrtwo.,b."1. equal:l.~l:!' t.~uek3. M4 '1!1$:'$ ti.d, 'to.
8$'tb~-P bl'& buen4 t.1e. ~.te~l ,1i);€Ul Q$ 8:1'1'3;.1,04 to the- ~p
~$ by tak1ng up on· aWl'-llbUekl$ .fastfm.ed to both COV~J;O
,p~$tes. tf'h& etreS9$$"remeaJ5ured em both endtle.~on gage
Ibultaateaah or a.,$v'_$~lctlcm.8" an40a tb~ walbie.7 c1.'one iud.age
61rd.~~Boththe8t~.ase8an.d s14e.l&e4etlectlon wera ~S'"
urodwh0t'1 the :load was $ppl18d. It wse toun4 that the whole,
eros. sect1onofth.e gl.rd$1" real$ted tbe laterallGM. Hm't-
e~&r, at 'the center ss:ot!:on, tJ9cQnOlary t'o:l'sion #t~~$_&e$ in.-
QNIl.,liH~4th&topt18ng$$tre~S0e ,.4 deo:reB.$edtru. })ott'.
f'l11.ni6atl"$see(l -an $.vel~80fs.bou't 25 per' centt!' End n.x1t.,
W$~a1.o pres$nt,$nd th$ t1x$d~d~0~t wns 64 P$F cant
or t:hat:fQ~ 4, tull:t fix.a b.~" '!b1$ end li,xltr !'e4UCeil<lthtlt
lateral load. 8~:re8$e&3'1p$~"'$nt,and thel$teral tll!n.~etlon
58: pe~ e-ent1It lstlm.$ .efiY impc>l'1ia:nt1n maintaining thtt
'at~tfn~'sS' of tb& erane-? 'fhe load a.ppUat'i 'wall apP'r~t$1S'
eq.'ua,lto th~ 4I9s1gnlt\t~el"al1.4, .dU,<lJ to all 'CQ'IJ.;I$$.
I
Ill" IftRODU'C!J:!OI
This t$st 1$ one ·01 a $e:fte$ being made en. variouS'
type,aan4proportlt.ms ot bridge $1M$;fOstO detGmtn(l~
mueh of the a.ettan. 0'£ the g!;rdel" 1:1 effective 1l'l :realEJtl~g
thelQ;~1?Uload8. the 1$~~r$8is·tmu,)e.t box. i"l"e:~.t.,
tn.J,atb1g wet4d 1ntU.elid~'8 that tb••boleaect1onotthQ ~1~
a..I"'J'!ealet.sthe1ateRl ben~ I:1n4 n,oton1;Y the top fl~Q
Q 1s usUally "a~.~!h1,$ 1., .lst> ttl$. conelllalon.tr:am the
, ~ .' .
theo<l'7.. Todet-em1ne'thla, t.'ta \IS;" _de onC~ 'lit>.&996
in thtJ r~:bpl.ea:t.1ngshQJ>~ -T'b.e·Qn4 tl..a,fJi par-t1ally bG1.'td
. . -
tQth$ priOre -ind .!it o.f t;h~re_lnlq.bel•• _~e 1"IU:$d
1f1tb ,~l£t p1tJ.tb The Yihol$ &sS'eabl,. ..au.p»o~t;ed on the
.' .
,. -
g1l'd••,~land~M ~l$J 'end knOftllS thootre8$:t1)S,. tbe
. . '
sf>ctlon Wb1ChNS,l$t$ thel..te~a.l .~~ntl·s, 4fttermiDsd. A
s1t~t6h$M1'l.btg aeme otth$ d."tall$ -at "~ e~~ i..bOm
o '
1ntr1Stl' ).",
fJhectre~UJ$8 weN' .SQ8\t~QabT_~ oEe. 10-.o1n.
wh1tt_t!)'r.St2'tdnGaS$:-~ ,Gag$- Un•• ar.- $$t4bl1sbed at thf:l
. . -
var1.oua ••otlouortheg1rd&:f> Whef'G thestNs·uswe"ie..r.
", A.
·.l~ed,by tlri1U.ngtwo very :s.a.lMle$ ,1t1 the Slrd$rt$'1
lneh.& ·fl1'Ul"~t,.?tbea18~C$bet.en theholesY(aa mGa~1
, ~ -.'" ,- .
with the aa&e 'be-f'o%"eendaf'te1"'th$ loa4 ,_a. :$Jfp1,led.; 'i'he,
allf.renee in l~th between the.Be t"o· ~ad!ags save the
. .
..t~ tn the tae,mbe.l" "dufl.tot~ a.p.pl1Gd 10nd~ ''lhe result.
;ee ge.n.e:811yaccura'te to t300 lbJer $' tn~,
. .
!hel$.telJ'al ,4elleetl$f1of' thegiNEt'P$ -'S. tilst)t~
'.b1·nH.tU&~~ the ~Ie- b d1&t~. bet.&19Xl thedJae_t
fiatlg$.s ;01 the two. glrderSj,.·. Thts _,done on th$top ;'.m
.' 3
btJttG.t1~.. ..t'$eV'e.n~$~tlon..'1ong the 1l1riel". A
. . . .
F$4errll 3)1.1. m$6;su.i.o1n,g, the 'd1..t~e. 'bEJ'Cween .tbe ~&r8
.,' ., . . , .,'
to OD,()Ql'--111~ W8u,u$$4to4ot~~t~$,d"rl~t~lOfJ.$n4.
the, 41tt.~ent)$ 1n'reQd1~$ 'b~b'<aGnth$ 11111;1.1 au«.r~lU\1
• . I
loauga1'e 'the, liCtual, mo~_~t 01' 'the ,tl~.-1J~ Th~tllt.,
',-. ,. • • 1
fenb,Qti} .b~twee the 1.te~'4~flect1Drl()t',,~.tQP, fiance'
ana, bottf)Jn ,f1~',~t tb~ ·$..~e.$c't••".the twl$t or
th$6~.ri.~l' $t t~t seetlo~1... ,t,rhetw1'~' lu, ,1nChe$d1vlClGd
bytl\$ a.pthoC the tt:1~d$ir atthat.p,01ntgl"$.8 th$ twl,$t
, . - ,
lnX"a41ans-.,· 1h~wJ.nstb.e twt,t. ~ ¢$.'n 4etElmb1e the tat...·
QrQ1. de,t10et~on of tth$ g1~4.~ a. $,w'h:Qle.
~he bad.as EtPpl1ed "1 tightenIng a ~baekl'"
te,$t_GCl t.o~. twoglJ.'d$t',$. .,& C:Ql1b~t:fid $1)$1. ft. !n-
te.r.p$$o4 .bl theqstemand 1t$:claia~~ Wl1sllOa$nred '07 a.
G!OO1-tnaAmea dial. f:~ 41o$uP$ _$ .. ,tae$in'ret of t:hil .
aotwU1Gad~ A 1at~~'lcadot 9300··10..,_420"0001"0,,
.a~ applied 'to t.he g1r4e'~;, 'fhe SO;#OOO~lb. load l:l;ap....,
pl'o%imately the d,Qillgn 1.t~~11oQd,
III. ~SIJ1 RESULTS
" h btl' '·1··,' ,
i'l,g~",~.hows the latfiel!a14efle·etloneune. Qt the
top ad bot.tOln flange. of 'the brldge glrds}'kB tJ,TM$f)$.$Ured,
'\1a1.U$$ .$'%'e (tqual, to the 4ef'1ect.ion, of both Sl~.r. and t.be
pl()ttM ftlttesare the m.ealN.red v_luee. d1vi4ed 1>1 twos,1nc9'
th&4etleotlO1'lot'botb gl1rftiera _houlobe eq\1e.1 ~ Thetl.$nect..;...
:lotla ~e p.lot'ted along the length of the g~eJ?ani th. oen••
lb..·~kaenottt$ -the centtlrllne. of thebrldQtts1r4erCl!'
It.boutS: be tlQ't-atat th$~4 d:e1"lec't,1onl"'lUJt
s.r~ I.e,,,,,t_ bot;.t·.41 B!$ :l~.e to In:ltla1 .1tp_ t.'b$
JO$.tlt. !b.a·.sUp 1$ larg$',r $tt~bottom tha,nthetop be·~
CQQf3f) the gl:ri.erhangabelowthe 'end t!.$ f'()!" $Ofile 41;s~ee:.
Tn. ~ertma $W1ngeab<lut a :,1.votpolnttn tb.El: end 't!.. 0
and Qtlmsstu.flmtly 1m&,W)Vemet.i't en tb.obottom 1.qu1tsUrg'8~
~b$ 41ftEtt'fJncq 'b$-t.,e~ tl::l. def'1$",tl(')l1 r~ad1:ng$of
the top ~. bott~ tl~$;e.,attbe $I.lm~s.etlon sa.", the
twl$1, ot 't,b$ atraer ,Illt: tl'1td~,$et,tl:en:.~ fbi,;; l$pl~tte4 .•In.'
anp1:uc ~6~U?e ··10 Pil! ~.It W$Ul .rath~r ~n$1ns to
nO't$that tb$ two1$t, ma:$', ~etl.111 eonst$T;lt t\l;~' t_l~th
et t~el~.I':. ~$ ~~$d~.tftlfaboutO,~OOl60 ):'atilana'
or.O~OO""(\.Gree~ -rb1a ln~luctea: t.he 'end .,J.lp,., It the .tB!4 eon·... ,
ne~t1~h$4 beGn f'Ull.y boltd,thi,s va.1u(t,.ould un4QlIbt$~
bave ~e~,. .-Ilet-~S~~.~., S;rt·aar'ri.ce.the '~~ectloa
eou.1aq~lte'~.bab17 'loo:$$nGrJ:Qqbto .11,0. thl.- ~in4 pl$Y~·
f:b(ttb$t)ret'l,calt'f11.$t·t~Jl'.thtliS1J'd$'- 1$0,.0011:9 ft~$£m.d
tb!,$a$ill._. no s11'ppage~. H~ve:Cj ~he theoretloUvalu-e
abm:tJ.:(l 'bere4Uc$dtc> take1a~ .CCO'lUlt tho ~t thatt:cl'.
'rd.:o-.l_~lngl$pre'V'$Dted at the rd.ddle and ends of.the
cMr1·&t'and, tb1$ ~e.a the '&let'Wl1, ~1t\8tt1ctw1tU;ove~ the
cf)~t$4'theo1'etlc~)..~,
'T~ ls:te~lil dttdtlfi·e.t':t. of i?1~'.' s", CQl"'P.$etdtQ~1n;'"
tt1alaUp.a tor the t1i11s1}~ tn·rtg90.:$. 1,. gt.en 1:>'1
P1Sif ...
..
~ 4tr&SSEJ8 we,re lDeaml"edat $SV6ln$Q'Q,tlm:uial_
th$ 81JWde~ QJ1;4 a1soon 't:h$eentw sacttcmot th$ em1 twcl!~"
,he coye~lau: Hadb.Esa Wtl,r$ taken on th$~e$". 11_411'1&$,
..~~ -.!$otake%l .lonl th~C&nterlb. t:>fthe w~'b4l; Jlla;.'.i
. .
,.bo'f1$ the ~$t~.u~ 41s~fbu.t1.Qnatt.uC'enber· ,fJeett.ot· thtJ .
~1~et'" _4 the p1ottenpotnt,'$$h01I ~%'tJ tb<lSQge lin$$
wer&ltJcatt;td.; ~M stJ-eB$ ls:plotte4 from eh.adJae~~$1d.
ot thtt boxs·eetlonu $tl:O"W~·., 1f'bec_tsr s.eetton 1i1'tB
.e~el(l$f~,'t() .ti~p~~
1'& rl,~'la .h,~thG 'tariatlon ogatrfJ$$ .1~
~hft gU4tt'Vonthe tn$:1de;' ~.out.al4e .edisea of ~he top oov.~...·
plate~fti!1'l $hows the£t1ires$ dl.trlbUt~l.onal~th~.tib,
.~ Plg~ 'SQhows thtl at-r.eaD tU..$t:~lbut1'On al~ lthe'eottom
~ov~pla"o !he theo1"'t1tloa1 etP&udfstrlbu.:tS.en 1s not a
straight lin. b$e$.use thoa.ec,:tl,. Of' t'he glrdEtr _JOles"" ,.1a;
Ftg•. a. the St,r~$B $.t tb.een:t.r _8 peat~r t.bt1n the the~·
~tlt'l$l. &14 in "'lg~.SJ thf> .~~e(mter$tr&G;'S 1ffl:41ea;$
thal1 the 'theo~tl~. 'il~e,~.$tQt the g1:r4areheeke4 ,ftd.1-;l,
.e:11 .1tb.t.bt thew$tle~/~t.I'heaver46$ o_t~u.~ 'f'ulatlon 11$;.
a1)f)ut' .,2$'.'."eeD:tf/' ~111. ".lQ_l_S.~ p'I'Oba..'b17 (iue tQ.e~ond:"
an tOJ.'i.l.ea.t~$$Qat ~ e.en"tlrQ,r t;:h&eane. $cinco t:he,
41~et1~, Qftwl'$t; 1"$-V~l1$.$••~ "'~brldg~~.nte~t.~lYiEl~b$
I1fl ~lng &10' to t\'d;sts,t tbi'8 '8$ctlon~ It 1. no-tl1kel,!
that the8tr'eS$.vat'b.tl:on ta dt'l& 'tot'b$: top 'fl~g~' takJag M
l\:I)pHclab11s:reaterpHPo:fltll)u fjft~e lat'$l?al1aa4tha.nt..,
-~--~ '-' ",-,
bott_ OaDg~;;be_\UJt\Jt~,uJ..ltf;$~n(tebet1rte$nth.Mtl.et~
lon. ot tbetop,.' bottom :f~e.l;$: .. mch"l1$~pe:r­
e_~. t'h@th$~~$dV~latlon1nI~'9$e$."
, ~. poht:of h1"~ ,.t~$.$:$ tlnot C1$the 6d.ot .tl:l$
st~de~bUt.'bOtJ;t $:2. .ft. ,1n~om, ~b~ $04 Gitthe g1.:,ae,r'~Tb1.:·
o:o~a._ds to $i, ..r1X1·t1ra~tl)r or e, P'",t" <tent~, !he stat."""
.-t84 p.~ eet»_tlal t1:rltym~ tbat tb&~lttM'lt -.,t the
en4ot' the b:t':1dg$G1.ri$¥ 1$ (K 1?6%" cento.lthat, wh1~.mi14
be J,ll"8:$mtt if the s1Neract~d &$ 'a.N11:7""'.fiX_ be_.., It
:8hou1d benmeabere4, h_~\'~, that no attempt 1$, 'tlSU£Ul.J'
_de' to tak6 advanbajiGot the end tidty 1_ d.sl~,t.4 th$.
61r4e)'~a:~,deolpe4, a$.ld~~l$ b$~4l
. t'hQtb.$ofttlcal ,$tl"e:d't:u'$ ,$~ 1a th$dkgrs,m$ ••e'
,~~te4U$1ngthee,~ tlltlttesto.dfJ1AtM tho point,of
~on~~~$,,.'att4 tt$~, th$ S"$$c _~t ot!a$~~la rat the
. ' ,
$e(jtlo:t1eM$1d$~4·1It. 'fhe 'gJ!f."eJ;a _.ent()l: inwtl.' 1$ u,.~
slnCOE):lbe.S8fttaa'$ur.e4 'b1 ,. ,Wt-t_.:r$ $~41J:t €,$g'$ 1.1$.«11,. ,
,cbeeb thet~:tettct\l.c~put"$'1 the "bEUJ1& ot' tJ:'l& ~'()••
mQm$nt or la~l"t1ttf
'As: .enadd1tloll8l eh&fUt, t;helat;$~l. doflecttQn .d
emnptlte4 'Us1t:'1s the' eq.tlo~.m theapPGna.u·~ pt(i)m.i1a. .4:.
thtlMai$UHd 'defl$(ttlbll _<tep the 20IOOO~lb'i!1"d ~, .seen
tiG be' f).90 in; fhta cOmputed dEtfl.etlon ,.;.2~10 '~' 1.11 #
O.e9 In\9whlch 10 a a~eh8ck;~, the "3.1u8012.1011) ... 1$
the d._A.etlen wh:1eh would tab plaG$ if' tMre 11$1"$ no emt '
fi:Xl.ty. ·~1.21 lth 1$ the ,tle.t16ctl-cm du$ to tb$$n4
moment an4.act.$ln· the l~it1U$ti~etion. 'fhe<.t1frer!3~e.·l.I.- .•. - • - .- . - -. . .,
,
'1~ . The 'tIhOl..eseetl_ of' tho b." g1r.eX-l."''''~U,$t$d
thG 1.t~a1 '~llt,,,,
2i!' .Pa11tUAl end.. n~t" 1ts:S"prea_t.h1ch~ueed
tb.$·1~t'8.14etleetl(ttl oV'$~tlttl" p.~ cent.. 1rb. nEltoy
.fac~or '1Ifaj. 84 .pe.-f"~.nt,.
5.. Secontt..o17 .tOl'~d.oa$trs$$~1J WeN preSEm,t'llhteh.
lncra_$$d: ·t~tOJ> :fltiU13~ $~$:sa~s_d ~e~" the bott~
fl~. 4tr4,l$$e.;~ .
4ft! ~h.E'; ~...,_~1.G.4n:o·.=-$c1S$_$Udl1tit);G
,.ffoat $ll. tbe4&tl$ett~.t:jI:th.s1l'~r.·~,
'Th$ fdl1r1ti'1ng f'o~ae.~l'e d:~velop.d IQt-li.b-'
'bel.17 e,1r(leps. fXrom the f\1n&un4ln.tal, dlttel'f.lntul$~atlon
E ,:) =., - (1)
81nce I 1.8 Q; vorl_bl. 1n thi$ equation_awol1 (l,'
B:j$~ assumptl'Ql'l muat be 11lQde as to the variation of I Ill'
Tw'OSf:$SG£ tortml1a$'1JIe~e derlv$d. OU$ln '.Mob. Itwa.$ae'"
Sllm.flld.that 1 vett-le4. I1near.11 alo~ theg1.rder.- and, eeoond,
It was' '.ewmfld that IVU,1$d parabolically alons the l$18th
or the slrde~~_Tb.. first, ap~tlen 18 moat applicable
t()Qmnpu'tme th.elateBlmom.entor 1nertla. '~~dth.8econd
1n eomplltiDs tbe"ertlcalmoment ot· 1ne~tta,. For average
g1'rd$1"$ they shOUld Glve,. rea'llt$wh1e~ a,pe£d%'17 clC>,$e.,
, '
ifhe c01\U>utatl<ms tor Ctw1vini the$etc~&o are
quJ.te 1a1)w1.ou8 and. only the l',eaonltowU1 be given.
For $ glr@p1n "b1ohtbe I Ya"lfJ8 paJ'&bOl1ca1l1.
the·d$fieetlon Qt 6:117 jJo1n,tx due; to a load at the center
tJf t'l'1sg1rdet- 1.
«= i::i x ~Gg (~~r +-7 .. ax + lltilir
, tan-l }1~•.X 10$ (i~r +~) Cal
,p. S'taati$ .to'/) tbe;een:be:v loa4 m ~d&" I 16 t~.pau.t
1tt 1nohe1i.I1. 1$ thegr'~.8 lD.oment of iner'tuat th"Gnd,
IS: qthe~t)a$~$!ltortne~that thec;•.t,e~,.t3~~lj,
Ie ~Ili . and E 1. ·t,he modUltls of $1t1ltlo1t}t>fl.' 1'f~ ab+:.W'$·
t~tle ~lvl) the 4et'leetlcm tor :Q eimple b~~
·ThEJ· eQJT$.~~ £Orwlfl. tor 1.!ne$trVflrlatllm
of %. at'e
.. ..f'l ~. .... :.. &tl .';t~~
.. 21$ ~liIl + tt+ '. 114 .
(-5.)
i'h& def1.~tlon3due t:o the end m,oment·are 81"«1 'l)'y
the'" ;fon(lw!ng ttJi~••~. 1. t~& endm=e.n.t:~,
,
,:j
(7)
an4 1'.0%" the·C$nte~ ·4en$ctlOrt, .thl.$ :r.c~$ to
~...~: t 1. ·a:tO$ (1 •~] ttl .
"The 1'U_ eM 111O__t 1$ glv~b1 ~bG t'oUowl~
,ro~ EO'1! 11n_ar "arlat1on. ot ··x~ ~btU'e lI'o\il4 \}$n&
o~¢.$lon t.o (J~telt .1nt"h."ertloal ~e:4)t1.cn~
ll. ~,.'1, f1 ....~ 10e t1*..~.it t: '-1/ -~ ," ." .. ',. ,,' " ('10)
.\\ IS tr!Jn"ll.~.',.~.'
, Il'
TM aetua:ltbdend .~.t!t wou14 VQry .tr·Ml$l~t1
to tdn.et7 Pf#:tl" cent of the abett&v':lu$ da~Ung <;In th$
e~4 eOl1l1ectlon.•. '
In the above equa.t!.,MSJ the 'un!ts 1Itl.$t beeon1i!st..
$lt,. emti it 1;8adVl$able tou:a. pO"UU~$ and lnch$Sf' 'fhe
~e$ ·8.1'8 &xpre$'$ii4 1.n~e.dl~~ ·and tb$l~g$.1"1:tbm$ $IN
natural.. logantlmmto th$ 'bfi$~ '$- ;ad mo;~ toth$ bfUlIEJ10."
Thes~equatlon:lJ requl r<$a sooddealoto~~tlo.n
tor ths1...... ,soltttl<mj$~ctitpt t'o~ the d~tl.~tlGu$ at th(t een·
t'tl1'"' .h~ -they .(i~ cOlutldA:4:ra];Jly 8~lt£le~l!t Whe effect or
••rr1ng t. ~ent Of m$l't·LQ 1$ t:01.ne~.s$th. (lat1:e.t'!lii!o
Ion' ove~ .lUlt'ii'OU1~ tG.k~p1.aee 1rthe vhQl.'g1r4el's$Ctlon
were equa1to tbat$t thecenter.~ p~ $; nutnb$~ of .~~~•.
WblOb.. _'te. bt1~ cllec.Qd by th$~;lt$3"'; .~. t:ncriit1QS9, tn·d.~:'
tl-.otloftb$s 'vA;r-ledfrmnteu to·thlJ."ty ~p&.J" cent.~$l"D.tOfie·
fot'ap;p:roximQt$e~..lt!it.:tOllS.,'tb,e J'ol'.;J.o:"l_ to~e l$$u8i~'
$e~t,". foritb&' oentep t,t.neQtl0•.•.
~ '5· ... .,e~.' ·de·. l: .r". ,'. ,oW, _.••, .. ':. iSiI" BEl.e e
to 1, 't~ moment of' ltlertt,_ .~ft tb..c~tc~%I'. • 1* the'
. .
tU~(lend moment "ld.eh tll11vil:rJ £rocmt aoto as pel'" (;ant or
the· ttl117 tixedbum dEr,pendins 'Oh tM connection...and. I. is
aO()ttla:tant t"t)·taktt l_toaceoun~tb&f1nilbelly ett"E!~t~K
WU'1i$8~_ 1:'!!10to 1.301 thesme.l1:e1" valUttapp17·1n.g to
relAt.ively flat fishbel17 gird$rs, ~dthe b1gher 'Value to
4.~p t1$hb·al1y €l11'4$tJ..... Por. g1i-de~ot eoaGtQfttG.~tlQnK
eq~ -1.:00"
In a .tls1'1beIlyglrder., th$twlst~m01aetlJfldue to',
.. 1a~0"11(;."e.,,1.1~4$it ,tll. topna'ng~ls not eon.,tant
but varlefl til1cnabhe prier- 81nee theoentar ot Sl'a.1tr of
tbe girder .pp~aehe. t.h$ 'top flange as <lDti· a.Pp~oaehe.$. tb
. '1'1., twlattor ~blBeondltlOt1 18 gt.~.n by the roll0"-'
~. t'ormula.,whf>1l tbed..,l>th ot the g1.He,S"vdlel,J ~boll<l'"
:a.ll$'.•.
(14)
·.......1:2
andthettd:$t '(i1t the: oe~h$'r
.1:..."n " \i! '. (ta+ tIl. t$1'1-1V!:!...l-l
c 'l6baQ ~lt2;7h].113 b.t ·t~
Y18 ~ tAn@t~ twl~t in :1'"a41ana. b 18,t.he dlstQice
betweathe nbc~nter~. G lathe$!te:a:rmo&11u.s, t1 and
ta ~. 'tbB 001'$P ~late t:blckn••e;es,t ts lstOOwe:b thick...
!'l$$$,h1lathe depth 02 w.b at the en4,ba·1s the eOl1'"
te):l' _bdepth,. aM. h$ l$,th$dU"f.~ce btttwGEm. 'the (i;enteP
.~b4e»th and endd$pth"
:f1~ev$':r'"toz.app~<)X1matee~tat1oM.we-1 use
tor:·:-~lT~T~
'Tb1:$ t'o~l .. 18 no~ but tb~ ;t()~lator tll&
UU1.torm. .cotton, ed 1.ts 'tlt\O lsba.sed ~:pon the :&$sumptton
that thfi ~dl$.t~c,e t,otwl_;'afttl the a;pplte4mOttl.$.nt,ttt '1m.J'
section van p~portlcna:t(11Ji.' liorthe crane test,ed, the
CO$J>Ut'64va1u$ given 'by'GquQ,tl_(14)Is p~.c't,leal1J th~
aame as that 81vetl'1;)7 the' more e..-ot; equatlon(13)~,
~h~ t"latea\taG4 1)7 a '"'111"0_ tOli";uea;lonsth1,t$
gtrc.\el'., such a the motor torque maybe o.~u.tedb7 ·the
tOl1.'0i"¥fltlg t'otaula"i>;
I.i
(Ie)
,(Ul4'" tb.$ t.le'tat ~_oentf)~' :1;a$lmp17 <sbtldne4 'bys\lb.'l'*.
tutlq . ,~- .i1n.~.'l'bO~!e f~la".
·theQ:bov& .to1'1nU1:a.. ·us., stv•. b,We a...matt$P ot
r$e~stnc$ 1t1laSt'1e08S$8rY to ciert"tetheut :tn~d.rtQ
S" hew th&t'$s'trestllta ~ck:$4.,!heb ilPpl1cat1oa 1n
lJ~t:leeWt"JU1.dpJlcbablybelabOr1.~~, A$ s, _tter of t'act j ,
'. »Jrope~l" UU$.1sn-e4 b.' g$t-4~r t&80 attgt 'tbllt tM~ ta
11tt:te 11~eG,i!l'lt1 to'l!e<)~t1zl8 twt,at-,:
'the t~~ WM.e1'!·.mi.$hthav$a,tta-ctl<:al Qppl1ea.
tl.on_l'e.tho•• :t.,Xt l.t&~d 4$tl~.tl_slnc$~t_y,~ ,$\.
m~,uu"o,f' the $'tlt'tn$ee()f t'b.$·cra_~.Al$o" .$'llG-V$Ng&
o~eQt~,.$,a latel'al 4~f1~etlca tl!14er tht:i1dee1ga IOU
wtd~hl$ ,g~$Qte~ tbAulthe: vel?tleQ ~t.1$'c't#$~,~!,. $in~$tb$.~.
,1at~$14E!i.t1..c't;1•. 0C4_. b b()th.41ra~tt($;$. the~tlC$n be
:nO'. e!_b~) '$J1d ':tl1$~esu1taat ..'C~on 'aba1"t1ng# beu1q$,.
etc·t' 18moJ!'~8.G1'1:ou tb.$a :th$.t. <lueto thfa.$rtlca11)en~:~,
!h$ ,Qb(')V9 $~atlonaQp''pl,G.n tbe: ,gi7'd~r$ aM
loaded at tba een.tef"6and this ·¢:muUt1Gn'i$lvel'$ tl:le 'mtUt~ ,
pQS$1bl~ de.tleetloD ve'P,.elosely~'i'








